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ELECTROMAGNETIC TRANSMISSION THROUGH A

SLOT IN A PERFECTLY CONDUCTING PLANE

I. INTRODUCTION

Although the computer program in [1] can treat the case where the

rectangular aperture is one subsection wide, i.e., L 1 in Fig. 1 of (1],
y

this computer program is long and complicated. A computer program was

written specifically for the L - 1 case. Relatively short, this program
y

is described and listed here. It consists of a main program and the sub-

routines YMAT, PLANE, DECOMP, and SOLVE.

The formulas that are programmed are presented in Section II. The

main program is described and listed in Section III, the subroutine YMAT

in Section IV, the subroutine PLANE in Section V, and the subroutines

DECOMP and SOLVE in Section VI.

II. FORMULATION

The magnetic current M on the z < 0 side of the aperture (see (2,

Fig. 21) is expressed as

L-1

if~ VX (1)
j....,-.

where {Vj} are unknown coefficients and {M} are expansion functions

" defined by [1, Eq. (10)]

- u T (x) P(y) , J-l,2,...L -1 (2)
=j -X j

Here, u is the unit vector in the x-direction, T' (x) is the triangle
rc"Xth rn

function defined by

".2"
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x - Ajl)x (-~~~~
(J-1)(x < x < Ax,

T (x) - JAx < x < (J+l)x (3)

0 Ix-Jix > ix >-

and P(y) is the pulse function defined by

0 < y < A y " ' -"

P(y) - (4)

all other y

Here, Ax and Ay are, respectively, the aperture subsection lengths in

the x and y directions.

The magnetic field incident on the aperture-perforated conducting

plane of (1, Fig. 11 is either !!y or H where

inc jk(x cos 6inc + z sin n  inc"H e 7 < < 2r (5)

inc inc)
H u eJk(y cos + z sin ) <inc

Here, k is the wave number. In (5), the incident wave comes from the

direction for which y-O and O=einc In (6), the incident wave comes
(n )-i n c -  h i "..

from the direction for which xO and inc In (5), WO is the

unit vector in the 8 direction evaluated at e-0 In (5) and (6),

the first subscript on H denotes the polarization of the magnetic field,

and the second subscript denotes the plane of incidence. In (5), the

plane of incidence is the y-0 plane. In (6). the plane of incidence

is the x-O plane. Called the incident magnetic field, the magnetic

field (5) or (6) is the field that would exist in free-space, i.e.,

in the absence of the aperture-perforated conducting plans.

S".................".
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When the incident magnetic field is given by (5), the coefficients

{V} in (1) are the elements of the column vector V that satisfies

_ inc. :"'%

YV--(P )( y (7)
ey.

_+inc. scle (pinCoy
where the ith element of the column vector (P )Oy id i

and is given by [1, Eq. (59)]

oinc2 -""

sin kAx cos oincinc- ) _ ~ i in c (-2 eJki~x Cos 6Q-_:

Pi. )ey ysine ~ kAx cos ""-' "e"ki"

2
i1-,2 ...L -1 (8)

In (7),Y is the square matrix whose ij element is called Y and is given
ii

by [1, Eq. (23)]

. 1 1(Ji) (J-i+3/2) -- (Ji+l)ij ?M 2 c 2 x 2 c

+ 1 1 -il - (J-i-3/2) c (J-i-l) + I (J-iJi+l)2 g x(Ji 2 c (kx2 ..,.
(kAx)

-21 (J-i) + Ic (J-i-l))] (9N ..:.:::--

c c

The j that appears in the factor jAxAy/(nrn) on the right-hand side of

(9) is ,Yrl. Each of the rest of the J's on the right-hand side of (9) -

is the subscript j on Y . In (9), n is the impedance of free space.

are given by [1, Eqs. (27) and (28)]reover. c an x

y x

Ic(i) 2 dyf dx (10)
o~ ~ x Yx + y2 ::::::

" ~*..-.'.

. * '.,'
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yu LO 2

I (j)M dyf dxX- (11)
kAxj J2

0 xjI Y

where

y kAy/2 (12)

x (1 + 1/2) kAx (13)

- (i - l/2)kt~x (14)

It is evident that I (i) is even in i and that I (i) is odd in i.
c x

When the incident magnetic field is given by (6), the coef-

ficients {V1 in (1) are the elements of the column vector V that

satisfies

YV( inc) xx(15)

-inc inc
where the ith element of the colum vector (P ) is called (P

* and is given by [1, Eq. (65)]

si y' co__inc inc
(P c sintx~ 2 J(ktiy/2) coro

XX kAY coso

i-l..... -1(16)

In (9),

2-L1 x -i < L x-2 (17)

but, because (9) is even in J-i,

0 < J-i < L -2 (18)
_ x

is sufficient. Therefore,

- -x
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* is sufficient in (10) and (11).

The integrals (10) and (11) are evaluated by using the following

four term approximation [1, Eq. (39)]

-Jr. -jr i1 j( 2 rr)3]
e -e [1j r- (r-.r) + (r- (20) ~

* where

r x + YI(21)

ri likAxI (22)

Substitution of (20) into (10) gives [1, Eq. (42)]

-jr
I I~~M (C1U1 + C U2 + C U3 + C U )2e 1 (23)

*where 2 2

U 1 r1 +r(1_I) (24)
2 ~1 6

2 .-

U 2 -r 1 -J (1-2) (25)

U(I in (+ jr )(26)

U (27)
4 6

YU U

n-2
Cdyj dx r n 1in,2,3, 4  (28)

0 x

*Substitution of (20) into (11) gives

-j r

1(i) (X1 1+XU 2 + 3 U3  X4U) -u-2e (29)

X(') (Xll + 2U2+ XU3 +X4* ft 17 . f
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where U1 , U2, U3, and U4 are given by (24)-(27) and

Yu x 0 ,

- dy dx xrn2 n=1,2,3,4 (30)

0 x

Using the indefinite integrals [1, Eqs. (46)-(54)], we obtain .

C" Axu -A1 + A (31)

C2  YukAx (32)

Yu + (x2 2 2
3 3 u4 3) 6 u xu yu-

• - sign+ y(i) (36) ,I4--

33i2 2
-3 C 'u ( r 8 xr ) (34) ....

"~~ ~ "-(Y(r4-r3 + x A x xA) (35) -.- :

X2  ri 2  sign (1) (36)

3 3 2 2

ii n4-n3 +eur4-t3a b (x3 A -x 3A (37)iszeo"Ix3 " u 1-2- 8 8 u xu X xt-+"

2 -
X4 -riyukAX (ri2 + + +-u) sign Mi (38) .]]

where sign (i) denotes the algebraic sign of i. If i-0, then sign (i)""] '-

- ~is inconsequential because the term that multiplies it is zero. In..-

(31)-(38),

r3 Y! (39)
3 u

r 4=~** ~(40)

y + r
x u gu I 4 (41)

i x

u0,° U ° -.ILI
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u- 3

A x log(U+3 (42) .

x + r
A 1 u log (43)

YUx + r::

x~ 3

Here, log denotes the natural logarithm. -

b
Substituting Y/2 for Y in (2, Eq. (27)], we obtain for the com-

plex power P transmitted through the aperture
t

Pt " [YVI* (44)

where V is the transpose of V and * denotes the complex conjugate.

* Since the incident magnetic field is given by either (5) or (6), YV .

is given by either (7) or (15) so that (44) reduces to

Pt =  * (45)

4- inc
where P is (P if the incident magnetic field is given by (5) and

-_incP is (P ) if the incident magnetic field is given by (6).
xx

The transmission coefficient T is the ratio of the real power

transmitted through the aperture to the real power P in incident on

the aperture. Since the incident magnetic field is given by either

*= (5) or (6), we obtain S

Pi n L AxAy cos a (46) "' 'Pint c Lx "U'-:

where a is the angle between the propagation vector of the incident

wave and u . Here, u is the unit vector in the z direction. Since-z -z i

the incident magnetic field is given by (5) or (6), inspection of

* [1, Fig. 1] reveals that

cos a- sin B (47)
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inc 'g*

where 8is either the angle e in (5) or the angle in(6). Fro

(45)-(47), vs obtain

T- Real(VP*) (8
T 21nLxAxAy sin 8 (8

The scattering cross section T(O,0) is the area that the incident

power per unit area must be multiplied by in order to obtain the power

which, when radiated ounidirectionally into the z > 0 half spacewould

* produce the actual power per unit area at (O~. The above definition

of T7 leads to [1, Eq. (72)]

/x2 k~ 4 iPVI (49) 0~

327r 3 )

where X is the wavelength and P is the transpose of a measurement

*vector P . For the 0 polarized pattern in the y-0 planae, T is called

(T) and 91 is where (P ~is the column vector whose ith ele-
eyBy

inc
m ent is given by (8) with the angle of incidence e replaced by the

*observation or "measurement" angle 6

is(T (P (5hr0P)isteclm vco hs iheeeti

gienbo(rwt the x oaie aeneo in ciene ,i rplane scaled by ) the

measurement angle ~

/X2 
4

~ IA2 - k 1(Pm) 112 (1
32wrr
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III. THE MAIN PROGRAM

The main program uses the subroutines YMAT, PLANE, DECOMP, and

SOLVE to calculate the coefficients V} appearing in expression (1)

for the magnetic current, the transmission coefficient (48), and the

scattering cross sections per square wavelength (50) and (51). The

main program is described and listed in this section. Sample input

and output data are provided so that the user can verify that the

program is running properly.

In the listing of the main program, line 4 defines the input

data file and line 5 defines the output data file. The input data ." "

are read according to lines 10 and 11 which are

READ(20,11) LX, LI, NTH, DX, DY, TH

11 FORMAT(313, 3E14.7)

Here, LX is L , DX is Ax/X, and DY is Ay/X where X is the wavelength,
x

and, as in Section II, L Ax is the length of the aperture in the x
x

direction and Ay is the width of the aperture in the y direction. LX

is a positive integer greater than or equal to 2. LI is either 1 or 2.

If LI is 1, then the incident magnetic field is given by (5) and TH is -4'"

einc of (5). If LI is 2, then the incident magnetic field is given by

inc
(6) and TH is of (6). The input variable TH is in degrees. The .. -

normalized cross section (50) is calculated at

em (J-l)ir/(NTH-l), J - 1,2,... NTH (52)

and is written on the output data file under the heading TAUl. The

normalized cross section (51) is calculated at

:. *4'- >

- *.,. * *.% .. , - . - .°, .. % % - . , , s % . , , , - - - - . . - • °. .4. .. 4 * . . . •
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101

0 (J-l),'/(NTH-1) J - 1,2,...,MH (53)

and is written on the output data file under the heading TAU2. The L!

right-hand sides of both (52) and (53) are in radians.

Minima allocations are given by

C01PLEX Y(N*N), P(2*N), B(N), V(N)

DIMNSION IPS(N)

where

N Lx -1 (54)

Line 20 stores by columns in Y the elements of the matrix y-

J AxAy

where Y appears in (7). Line 24 stores in P(l) to P(N) the elements of %

1 inc -inc(P where (P appears in (7). Here, N is given by (54).)u)w1 (*incx x "'

Line 24 also stores in P(N+l) to P(2*N) the elements of 2 - $ (-)

(-inc
where (P appears in (15). Equation (7) is recast as

[-M Y] -, J27m 1 .,.(55)

Equation (15) is recast as

n 1 1 -'*inc
I-J Y J 227m 2'r2 xy (P )x (56) lip

The square matrix [- Y] is common to the left-hand sides of bothJA Xy

(55) and (56). This is the matrix that resides in the computer program

variable Y. The bracketed quantity on the right-hand side of (55) is

the column vector that resides in the computer program variables P(1)

to P(N) where N is given by (54). The bracketed quantity on the right-

hand side of (56) is the column vector that resides in the computer

program variables P(N+I) to P(2*N). If LI is 1, DO loop 16 performs

p0

. *, . :, .. .. . .. , . • .,,, . ., , .- , .. .. .. . *. .,, **, .,..* .. ...* ~ . . . . .. .. .. . ....... ,. *
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the multiplication by the factor UV - 2j7 in (55) in order to store

the elements of the right-hand side of (55) in B(1) to B(N). If LI -

is 2, DO loop 16 stores the elements of the rtght-hand side of (56)

in B(1) to B(N). If LI is 1, lines 33 and 34 put in V(l) to V(N) the

elements of the column vector V that satisfies (55). If LI is 2,

lines 33 and 34 put in V(1) to V(N) the elements of the column vector

V that satisfies (56). Since the elements of I are the {V. of (1), it .,.'

is evident that the coefficients {V I in the expansion (1) for the mag-

netic current H will reside in V(l) to V(N).

Equation (48) is recast as

Real (V P*
T 2 Lsn1 (57)

In (57), 1 is TB and 1 P is the column vector that stored in either

P(1) to P(N) or P(N+l) to P(2*N) according as LI is either 1 or 2. With

regard to (57), Do loop 17 accumulates Vin Ul. Line puts T

of (57) in the computer program variable T.

Equation (50) is recast as

2 22 (k Axt ~ 1 (-M (58
By 8r3Tn2  2IAy (P )ey

Equation (51) is recast as 0

(C) ,X2  (k2AxAy) 2 1 )2
87r3n 2 1 2AxAy (' )xxV  (59).

The index J of DO loop 19 obtains '-

8re= (J-1)7/(NTH-1) (60)

in (58) and-@

= (J-I)/(NTH-1) (61)

• .'. --..

-. ,. ..:, .....,. ,. . ...,, -,. ..$ : ..._. . .. .,..,'.,., ..,. . ..,.. .,.. ,. .... ,,.,..,...€.._....,..,:,., ,. , . ,,.,.,. , ,;. ..-,. , -, ,
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in (59). The value of the right-hand side of (61) is the same as that

of (60). Inside Do loop 19, line 53 puts this common value in TH. With

regard to (58) and (59). line 54 put. the elements of 1&-

P(l) to P(M) and the elements of P in (Nlto (2).D

loop 21 lies inside DO loop 20 w.hose index is K. If [K 1, Do loop 21

accumulates =A (0% V in Ul. If K - 2, DO loop 21 accumulates

in Ul.- When K - 1, line 64 puts (T) /X f(58) with ea

given by (60) in TAUMl. When K -2. line 64 puts (T) I X2 of (59) with

*given by (61) in TAU(2).

0
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001 C LISTING 01 TBE NAIR PROGBAa
002 COMPLEX 9U,Y(1600),P(100),B(40),V(40),D1,CCNJG
003 DIESION IPS(40) TAU (2)
004 CPEU tUNIT20,PILR- HAOTZ3. DAT')
005 OPEl (UIT2lFILE-9aUTZ4. DAT#)
006 EX-3.141593
007 ETA-376. 730
08 0-(0.,I.)
009 Um.P*T~
010 9EADj20,l.).LX*LINTH,0DXTH~
011 11 E0NIAT (313,321'4.7)

*012 UEITI(21,12) X,1INTHD1,D!UTH
013 12 FORBAT(f LX LI NTHI5X.'DZ'.,12X,'DY'.12X.'TB'/1I,
0114 1 313.214.7)

*015 EX=2o*Pl
016 D~ZDI*8K
017 CYZD1*Bx

*al 08F8i180./PI
*019 11H'!I/PS

020 CALL !UAT(LX,DlvDYY)
021 WRXTE1113) (YL)Ial.3)
022 13 FO1RATC(Y 1'/1,E11. 4))
023 A-L1-1
024 CALL PJAUE(THLX.DZ,DYP)
025 RRITI1(2 1,14) (P (1) , I= 1,3)
026 14 FORRATCO P'/11,6111.4) L
027 ZAC(LI-1)*w
028 I8-1h
029 CO 16 J=1.M
030 181!e+1
031 W) -RDV*P (IS)
C32 16 CONTINUE
033 CALL DECONP(NIPSY)
034 CALL SCLVz(UITPSY&BV)

* 035 IRXZTE(21,24) ( I I11 ANTCCP!T'
C3 6 24 laOftA'r I COEI1ICIENTS V C? MGII USN
03? 1 'EXPANSION FUNCTIONS*/(1I*6111.S))
C38 01-0.
039 IB=th
040 Do 17 J-1,N
041 IB=IB.1
0412 clU~l*v(J)*CcNJG(p(IU))
043 17 CONTINUE

*044 I-REAL (U 1)/(LX*ETA*SIW (TH))
*04 OliRIT!(21,18) T

046 18 FORMAT( TRAISN.ISSICN COEFFICIENT Tu'4214.7)
C47CTD*/(I!)
C#8 CTWACI*CT/ (3.*PI)
0149 CTNPI/(UTH1)
050 13ITI (2 1,23)
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051 23 IOREAT(' AVGLZ#*41.'TAU1%,7X1TA02v)
052 Do 19 3-l.UTU

053 IIIIS -1) *DH
0514 CALL flABE(Tg*LZDX*DY.P)
055 IUMTB*PS
056 31-0
057 DO 20 gule2
058 also.
059 CO 21 1-1,5
060 31-3l11
061 UQu1.= J1)V(I
062 21 COUTINUZ
063 R- I*CO3via(U 1)
0614 IAU(K)sCT*l
065 20 COSTUWUR
066 MBXITl(21,22) TH, (TAU(X) .14)
067 22 FORM1 dlI,77.2,221 1.14)
068 19 CNIU
C6 9 slop
070 END

INPUJT DATA I THE FILE IAUTZ3.DAT

5 1 19 0-50000002-01 0-5000000-0'1 0.27100001+03

AZ 00 0
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. S..-,.*

OUTPUT DITA IN THE FILE NJOTZ4.eDAT "--.

LI LII H DI D1 is
5 1 19 0.5000000-01 o.5000000E-o1 0.2700000.03

-0. 153111,02-0.65263-01 0.66462+01-0.6463E-010. 13123+01-0.627&E-01
P
-0.10001+0 1-0.14111 -06-0. 10003+01-0.29 111-O6.-0.1O00+O 1-0. 44121-06
COBPICITS V Of MAGNETIC CURRENT EPANSION FUNCTIONS
0.15113.02 0,59163+03 0.62381+02 0.8153E03 0.62381+02 0.81531+03
0. 45111+02 0.59161.03
iRAUSBXSSICN CORMECINT T 0.11412632+00
ANGLE TAD1 TA02

K 0.00 0.00003+00 0.21868-02
10.00 C.58851-CI 0.2186-02
20.00 0.23083-03 0.21881-02
30.00 0.50161-03 0.21902-02
40.00 C.8462-03 0.21931-02
50.00 0.12282-02 0.21963-02
60.00 0.16021-02 0.21993-02
70.00 0.19182-02 0.22021-C2
80.o0 0.21291-02 0.22033-02
90.00 C.220113-C2 0.22043-02
100.00 C.21293-02 0.22C3-02
110.00 C. 19183-02 0.22023-02
120.00 0. 16021-02 0.2199-02
130.00 C.12281-C2 0.21963-02

*140.00 C.841622-03 0.21931-02
150.00 C. 5016LL-C3 0.21901-02
160.00 C.23083-C3 0.21881-02
170.00 C.58851-011 0.2186E-02
180.00 C.2088Z-15 0.21861-02

°°. *"1..

* " -*- :
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IV. THE SUBROUTINE YMAT

The subroutine YMAT(LX, DX, DY, Y) stores by columns In Y the

matrix -- that appears in (55) and (56). The first three argu-

ments of YMAT are input arguments. The aperture is LX subsections

long in the x direction and one subsection wide in the y-direction.

DX is kAx and DY is kAy where k is the wave number, Ax is the subsec-

tion length in the x direction, and Ay is the subsection width in

the y direction. ..

Minimum allocations are given by

COMPLEX TC(LX+l), TX(LX+I), YXX(N), Y(N*N)

where N is given by (54).

Inside DO loop 16, I (1-1) of (23) is put in the computer program
c

variable TC(I+l). Here, I is the index of DO loop 16. Also inside DO

loop 16, 1 (1-1) of (29) is put in the computer program variable TX(I+).
X

The logic inside DO loop 16 is best understood by building up a table of

variables in YMAT versus expressions in terms of variables in Section II.

Variables in YMAT Expressions in Section II

I i+l where i appears in (23) and (29) ,

YU yu of (12)

XU x of (13)

XL xt of (14)

RI ri of (22)

Ul U1 of (24)

U2 U2C2 of (25) and (32)

U3 U of (26)* 3

U4 .1 of (27)6
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-Jr

EX 2e of (23) and (29)

R33 of (39)

14 r4 of (40)

AXU A of (41)

AXL A~ of (42)

AYU A of (43)

C. C1 of (31)

C3 C3 of (33)

C4 C4 of (34)

TC(I+l) I (i) of (23) with i -I-1

xl X.of (35)

X3 xof (37)

X44 of (38)

Tx(I+l) I ()of (29) with i -I-1

Taking advantage of the fact that I (i) is even in i, line 46 stores
C

I (-1) in TC(1). Taking advantage of the fact that I (i) is odd in 1,
C K

line 47 stores I (-1) in TX(l).
x

Inside DO loop 20, lines 51 and 52 put in YXOI(J-l) the square

bracketed term on the right-hand side of (9) with J-i -J-2. Now, we

have

?M Y * YXX(J -i+l), i-i -0,1.2,...,L x-2 (62)

Because Y is even in (J-i), (62) becomes

Y YXX(Ii-i4-l), ij-il- 0,1.2,...., L -2 (63)JAy ij

Inside nested do ioops 23 and 21, line 59 puts -r- Y of (63) in theJ AKAy

computer program variable Y(I + (J-l)*N) where N is given by (54).

.7.
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00 1.c LISTING OP 2UB SUBBCrr!IVE THAT
-- 002 SUBROUTINE !K&T(11,DX*DYY)

003 COMEXR UeUleU2 eIJ3 ,U4,EXTC(IOO) .TX(100)
* 004 CONPLE! YUX(100),Y(1600) .

C05 D12SDX*DX
*006 NOLl-I

007 UO..
008 9#U. 1666667*0
009 !oa.5*D! 054 J!0 0
010 !TUI*!U*DI 055. CO 23 JalN
Cli IU2.'1U*YU 056 DO 21 1-1,N

*012 yg3-.3.33333'*yg -057 JT-JY+1
013 1U4.25*D12.YU3*YU 058 IZAS (J1) +1
016 DO 16 1Im lLX 059 T(JY)U!X(K)
015 IpuX~l 06021 CONTINUE

* 016 X~(-5*I06123 CONTINUE
017 102=20*10 6 2' BETIN
018 IL=XU-DI 06.3 END

* 019 IZLI
020 l(-)D
021 92=81*21
022 301-l.-. 5*2
023 U1.2UU1.3*(1.-.lE66667*B2)*U
0214 02= (I -tg 1*) * IUD

* ~025 ~ -5.*1T
026 EX32. * (COS (R 1) -U*SIU (3 1))
027 R7uXL2+!U2
028 98-02*!02

*029 fi.3=SQR!(7)
030 B4-SQR? (38)

*031 AXU- lU*ALOG (U4) /XU)
032 AXL= %L* &LOG( (YU+33) /ABSIM) )

*033 AYU- !U*ALOG((110B84) / (Xl+3) )
*0314 C=X-X+

035 C3uYU3*(Xg*B4-XL*23) .. 1666667*(2*AXU-XL2*aX'L.YU2*AYUJ)
036 C410U3* (XU*B8-IL*R7)

*037 IC (1P)m CC1*01*U2+C3*U3+C4*U#) *EX
038 AXUuIU*AXU
C3 9 AXI=11*AL
040 1.*!(R43)AU&L
041 L3-YU*(.833333-1*(8*i4-723).125* (X02*RU-XL2*33))
042 1 .125* (X02*AIU-1L2*AIL)
0143 £I4iR1*!UD* (12+YUII)
C44 T (.ZP)= (1*al+1*213*3+X14*4) *EX/CI
045 16 CONTINUE

* C46 7C(1)-TC(3)
*C47i X( 1)--T X(3)

048 DO 20 J-2,LX
049 JRuJ-1

- 050 3-,
* 051 YII O3N) -. 5* (TC M3)-TX (JP) + (J-. 5) *TC (JP) +TX (JR)-

C52 1 W3-3.5) *TC (JR) + (TC WP) -2. *1C(J) +TC(ON) /DX2
053 20 CONTINUE
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V. THE SUBROUTINE PLANE

The subroutine PLANE(TH, LX, DX, DY, P) stores in P(1) to P(N)

the quantities k.xc-s..-n- 2

_inc.~ .. on in (k"- Cos 8in  2inc ...,.

incP i nc sin in ( 2 e JkiAx cos e
2 )x Ysine eyktx cos -inc.-e

i-1,2...,N(64)

where (64) comes from (8) and N is (Lx-1). The aperture is Lx sub-

sections long in the x direction and one subsection wide in the y

* direction. In (64), k is the wave number, Ax is the subsection

length in the x direction, and Ay is the width of the aperture in the

y direction. Moreover, the subroutine PLANE stores in P(N+l) to P(2N)

the quantities

nkAy coo inc
1 inc sin J(kAy/2) Cosinc

2Ax~yinc
2 (  = - (  Ay cos 1-1,2.... 9N (65)

where (65) comes from (16). The angle 0inc in (65) is assumed to be

incthe same as 6 in (64). The first four arguments of PLANE are input

inc incarguments. In radians, TH is the common value of e and n in (64)

and (65). Furthermore, LX is L , DX is kLx, and DY is kAy. LX is a

positive integer greater than or equal to 2.

The minimum allocation for P is given by

COMPLEXP (2*N)

where N is given by (54).

Lines 5 and 6 set

CX = kAx cos (TH)

CY - kAy cos (TH)
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If cos (TH) # 0, then lines 11 to 14 set

s (kAx cos (TH))
sn 2 2 -

SX = sin (T) ( kAx cos (TN) )

SY 2SY -kay cos (TH) .

2

If cos (TH) = 0, then lines 8 and 9 set SX and SY equal to the limits

of the above two expressions as cos (TH) goes to zero, namely .

SX - sin (TH)

SY = - 1

Inside DO loop 13, line 19 puts in P(I) the right-hand side of (64) with i

replaced by I where I is the index of DO loop 13. Note that the right-

hand side of (65) does not depend on i. Line 21 puts in Ul the right-hand -

side of (65). DO loop 14 puts the right-hand side of (65) in P(N+l) to

P(2*N) where N is given by (54).

.

•. ' -. ". .
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*D IO1C LISTING 01 THE SUBROUTINE PLANE -

002 SUBICUTIVE PLANE(TH*ELX.DX.DYP)
003 COMPLEX 0,91,P(100)
00~4 CS-CCS(TH)
005 CX=zl*Cs
006 CY=.S*D!*CS
007 IPICS) 11,10.11

* 00810 SZ-SIU(T)
009 SYu-1.
010 GO TO 12
01111 SI-.5*C!
012 SX=SIE(SZ)/SX
4 13 SZWSIN(TH)*SX*SX
014 SIW-SIN (CY)/CT
015-12 Uin(0.,1.)
016 V=nJ.-1
017' E0 13 1-1.11

* ~~018 ICI..
*019 F (I) SSI* (COS (S) +0*SIN(S))

02013 CONTINUE
021 U1IS!* (COS (C!) +**SII(CY))
022 CO 114 J-l,9

* ~0231-1
02.4 PI
02514 CONITINUE
026 RETUN
027 END
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VI. THE SUBROUTINES DECOMP AND SOLVE ... *-

The subroutines DECOMP(N, IPS, UL) and SOLVE(N, IPS, UL, B, X)

solve a system of N linear equations in N unknowns. The input to

DECOMP consists of N and the N by N matrix of coefficients on the i.

left-hand side of the matrix equation stored by columns in UL. The

output from DECOMP is IPS and UL. This output is fed into SOLVE. The -

rest of the input to SOLVE consists of N and the column of coefficients

on the right-hand side of the matrix equation stored in B. SOLVE puts

the solution to the matrix equation in X.

Mininum allocations are given by

COMPLEX UL (N*N)

DIMENSION SCL(N), IPS(N)

in DECOMP and by

COMPLEX tL(N*N), B(N), X(N)

DIMENSION IPS(N) . - -

in SOLVE.

More detail concerning DECOMP and SOLVE is on pages 46-49 of [3].

'.-"%.

6~ 5:
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001 C LIST!ING 0F THE SUBBODTIVE DECONP
002 SJBRCUTJIVE DECCP(I,IPS.O3L)
003 COMPLEX UL(1600) PIVCT,Bd
00*4 DIMNSION SCL(40).IPS(40)
005 DO 5 I-log
006 IPS(I)MIn
007 21=0.w

009 DO 2 J=1,3
010 ULB=]S (BAL (UL(J1))) +&BS (ANAG(UL (J1))

012 17 (1I-OL M) 1,2,2-
013 1 IN-ULS1
01# 2 CONTINUE
015 SCL(I)m1./BU
016 5CONTIUE

018 27

019 DO 17 I1.1R
* ~020 EG0
*021 00 11 IaKvI

022 XPWIPS (I)
023 1PK=XP*I2
0214 SIZR(ABS (REAL (UL(IPK)) +ABS (AIN&G (1(IP)))*SCL(IP)
025 IP(SIZR-UZG) 11,11,10
026 10 EIG=SIZE
027 IPY1I

*028 11 CONTINUE
029 IFCIRV-R) 1141!0114
030 14l JwIpsmK
031 IPS(K)IPS(IRV)
032 IPS IIPY) =j
033 15 KPPIPS f )4+12
0314 FIVO1WUL (KI'P)

* 035 BIP l.
* 036 CO 16 1=921,3

037 RPZKPP
038 XP=IPS(I[).12

*039 EM--Ut (IF) /PIVOT
*0140 18 UL (IP)=-23
S0141 DO 16 J-KP,,U

0'42 IP=IP+N
SC143 KpzKf+N
*044 UL(11) ZUL (XP) +3*UL (K?)

0145 16 CONTIUEL
SC146 92-92+N

0147 17 CONTINUE
048 RETUBY
0149 END
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050 C LISTING OF THE SUBUCUTXIE SCLVI
051 SUBIUfTIN SOLVE f gips, at, B1)
052 COMPLEX UL(1600).B (110) .(40) ,SUB
053 DINZIS.ZOU US(10)

as55 IPWIPS (1)
056 1(1)B(XP)
057 DO 2 1=2,9
058 IPMIPS (I
059 IPUIP
060 181-1-1
061 suRSO.
062 DO 1 JA1IN1a
063 SUSHO I)* 3
0641 PIU
C65 2 1 (1) ME 111) -sun
066 12*14(1-1)
067 IP=IPS(U).12
068 1 (1) -1(5)/UL (IP)
069 DO '4 XDCE'2ol
070 1Iu1 1-XUACK
071 12-92-Y
072 XPI=IPS (1) K2
073 Xp 1m I+
074 Suuo.
075SpEP
076 Co 3 JuIP1*U
077 IPuII,3
078 30lSR+C I)* J

080 RETURN
081 END
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